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A n  investigation of the low-aped aerodynamic characteristics in 
yaw of a 42O sweptback wing of circular-arc airfoil sections waa 
conducted in  the Langley 19-foot pressure tunnel. The w i n g  haid an 
aspect ratio of 3.94, taper ratio of 0.65, an3 neither dihedral nar 
twist. The teste were  made at a Reynolds nmber of 5,3OO,OOO and a 
Mach number of 0.11 and included the effect8 of leading-edge flaps 
an3 s p l i t  flaps and of a fuselage w i t h  the wing munted tn high and low 
posltions. 

Th3 results of the t es t s  showed that the dihedral effect of the 
plain wing was maximmu at a lift coef'f icient of 0 35 an& w a ~  negative 
for l i f t  coefficients above 0.60. Deflectlon of the eplit flaps caused 
the effective-dihedral pmameter to remain fairly constant throughout 
the  lift range at 8 value of about 0.002, but an almst Ifnear increase 
with increasing  lift  occurred when both the leading-edge flaps and 
split flaps were deflected. In general, the fuselage increased the 
dihedrel when the wing was in t h e  hi& position  and decressed the 
effective dihedral when the w i n g  waa in t he  l o w  positton. With the 
flaps neutral, however, the fuselage effect ua8 reversed  except in 
t he  low Lift range . A rapid increase in the dihedral effect occurred 
at maximum lift for all mdel configuratime except for t he  wing alone 
when the 0.55-semispsn lesdfng-edge flags and spl i t   f laps  were aeflected. 

The plain w i n g  ha3 neutral directional  stability with f laps  neutral 
UQ t o  a high lift coefficient where it becam6 unstable, but the 
directional stability increraaed wlth increasing lift up to maximtrm lift 
f o r  all flap conf'igurations. The fuselage added a destabilizing increment 
of about 0.001 to t h e  directional-stability parameter fo r  all fl4p 
configuratians and KLng paaitions. 

A campmieon of the circul&-arc wing with e wing of NACA 641-112 
sections  indicated that, whereas the circular-arc wing showed a rapid 
decrease in effective dihedral above a lift  coefficient of 0.35, the 
&-seriee King showed a continual  increase in effective dihedral Up t0 
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maxim lift .  With leading-edge f l a p s  there was negligible  difference 
in  the  variation of effective dlhedrd with l i f t  coefPicient f o r  the 
two wlngs 

The results of the  air-stream surveys showed that a vertical tail 
pad dorsal fin woulii be mre effective on a low-wtng airplane of t h i s  
type than on a corresponding high-wing airplane. 

Supersonic air-flow theory indicates the practicability o!’ using 
wing8 vlth lex@ angles of m e p  and sharp-edged airfoil  sectlone for 
flight at speeds aaove the speed of eound. In the low-speed range Close 
to maximum lift,  the  stability of swept-wing afrcraft cannot be adequately 
evaluated  from e x i s t i n g  theories and, consequently,  experimental means 
of determining  their  characteristics m t  be used. Investigatfons were 
therefore made in the Langley 19-foot preserure tunnel to  determine the 
aerodynamfc  characteristics of a 42’ aweptback w l n g  of symmetrical  circular- 
arc  airfoil  sections  at a Reynolds number o l  ~,300,000 and Mach rm?x?r 
of 0.11. The longftudinal  characteristfcs of this wing are presented in 
reference 1. This paper presents the aerodynamic characteristics of’ the 
wing in yaw and, also, shows the  effects of various wing flaps and of a 
fuselage on  theee,characteriatics  with  the KJng mounted at h1gh and low 
positions. In order to acquire information concerning  the  effectiveneBs 
of a vertical  tail on a swept-wing airplane, air-stream surveys were made 
to detenaine the aidevaeh angles and rlynamic-pressure  ratios in the reglon 
of a vertical tail. 

A comparison is shown of the lateral-stability  parameters of the 
circular-arc wing and a wing of neaxly identical plan f o m  but employing 
NACA 641-112 airfoil sections. 

The data are referred to E eyetem of axe8 shown in figure 1 A l l  
moments for the wing-fuaelwe com3inationa are referred to .kine aeewned 
center of g rav l ty ,  which Is loceted on the fuselage center lfne and in 
a plene norma? to the fuselage center llne that pasaes I;hro~@ the  
qwter -chord  poht of :.he mec% aerodynmlc chord. The pitchfng-moment 
data  for the wing  lone are referred tc the quarter-chord point of the 
mean aerodynamic chord pl-ojecteci to the plane of symmetry. Standard 
NACA sym3ols ere used, filch axe d e f h e d  as ?ollowe: 

c4Rsx 
maximum l i f t  coeff  Zcient 
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Mean aerodynamic chord (MOA .c .), measured parallel to plane 

local chord parallel t o  plane of eymsletry 

free-etream dynamic pressure (5$) 
dynamic pressure at tail 

f'ree- s tream velocity 

ma88 deneity of air 

Reynolds n m b r  (pVz/cl) 

coefficient of viscosity of air 

Mach number (V/a) 

velocity of sound 

hefght above fuselage center line, fraction of M .A.C . 
longitu3lnal  distance f'rm center of gravity to center of 

preesure of vertical tail 

rate of change of yawing-mament coefficient vfth angle of 
yaw, due to  vertical tail 

.lift-curve slope of vertical ta i l  

APPARATUS .4mD TESTS 

Model 

Figure 2 shows the  details of t he  model. The whg has a sweepback 
angle of 42.05' d o n g  9. Line joining the lea- edges of the mot chord 
and the t h e o r e t i c a l  tip chord. The aspect ratio ie 3.94 and the taper 
ratio, 0.625. There is no  geometric dihedml nor twist. The Ftirfoil 
sections normal to t h e  line of maximum thickueser are symmetrical circular- 
&FC sections having a msx1m1.1111 thickness of 10 percent at the root and 
6.4 percent at  the  tip. A constant rariius of 83.26 inches was mintained 

. 
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f o r  all sections, measured in planes normal t o  the  l ine of marimum 
thickness. The leading and t ra i l ing  edges are therefore  parts of an 
ellipse,  with the lllaximum devLation being 0.4 inch -Prom a straight line 
Joining the lead- edges of the r o o t  snd t i p  chords. The w i n g  t h i chess  
msasured in planes parallel  t o  the plane of symmetry is 7.9 percent at 
the root and 5 -2 percent at the t i p .  me. wing m e  machined f r o m  solfd 
steel and was lacquered and sanded t o  an aerod$namically m o t h  surface. 

The fuselage has a circular  cross  aection  tapering t o  a point a t  
each end and has a Ffneness ra t fo  of 10 -2. The mEucirmrm diameter, which 
is constant at the wing intersecticm, I s  equal to 40 percent of the 
wing chord (measured at  the plane of symnetw) .  he center portion of 
the fuselage has removable bloc& to permit the mounting of the wing at 
various  height8 from the  fuelage  center  l ine.  The fuselage was made 
from laminated methogany and was lacquered and eanded m o t h .  

The leading-edge flaps were fabricated from sheet steel on 
which Finch-diameter  steel  tubing vas welded to form a mmd leading 
-edge. (See figs . 3 and 42 The f lape had a constant chord of 3 -80 inches 
normal t o  the leading edge of the wfng and were deflected down 3?, 
measured in a plane normal t o   t he  leading edge of the wing. Two f lap - 
spans were used, extending from g . 9  percent semispan and 42.5 percent 
semispan t o  9’7 .5 percent semlspan. 

1 

The trailing-edge  splft  flaps were made from sheet alrrminum and 
extended  over the inboard 50 percent of the wing. The inboard 12.5 percent 
of the s p l i t  f l a p s  were  removable t o  permit flap  deflection with the 
wtng mounted on the fuselage in  the hi& wing position. The sp l i t   f l aps  
were deflected 60° From the wing lower surface as measured In a plane 
nonnal t o  the f lap hinge line. The flap chord was X) percent of the local 
wing chord. 

A streamlined fair ing wae used t o  cwer  the support-strut fittings 
near the t ra i l ing  edge of the wlng center section, an5 a andl fair ing 
(fig. 2) we8 required f o r  *&e xlng-fwelags combfnatione . A photograph 
of the model mounted i n  the tunnel is presented in figure 4. 

Tests 

Six-component force t e s t a  were made in the Langley l g - f m t  pressure 
tunnel w l t h  the model momted on a single support ( f ig .  4) nhich permitted 
change8 In both  the angle of attack and the angle of yaw. The test 
Reynolds nmber was 5,3OCl,OOO, and the corresponding Mach number m a  3 -11. 

Tests of the wfng-alone and the wing-fuselage  cambinations were made 
with the flaps neutral with the two leeding-edge flaps in conjunction 
‘with deflected split, f l a p s .  Wing-alone t e s t s  were a l s o  made with only the 
split flaps  deflected. 

* 

- .  
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The static-stability  derfvativee were obtained f r o m  t e e t e  throw 
the  angle-of-attack range at 0' and f50 wgle of yawy and  the  character- 
istics  in yaw =re found f r o m  t e s t e  made at canstant anglee of attack 
with the w e  of yaw varying from -50 t o  20~. 

The  air-stream surveys were made with the 19-foot-preseure-t~amel 
rake ( f ige . 56a) and 'j(b)) at the  locations ahown in figure 5( c )  . The 
survey plane wa8 dwaye perpendicular  to the tunael center  line regardlee8 
of the  model angle of attack.  Sidewash anglee and dynamic-pressure ratios 
at the tail were measured at two anglee of attack for t he  wing  alone  with 
flaps neutral  an& with  the 0.55' leading-edge flap8 in conjunction  with 
split flaps, deflected. Sumeye were made at three angles of attack for 
the wing-fuselage combfnations  with the  0.55 $ leading-edge f laps  and split 
f l s p s  deflected and at two angles of attack with the flaps neutral. 

E 

Corrections  to Data 

The lift, drag, m d  pitchlng-mmbnt  data presented herein have been 
corrected for support  tare  and  interference effects and for air-stream 
misalinenrsnt. The Jet-boltndaqy correctims to the ettlgle of attack and 
drag  coefficient mre calculated from reference 2 and are as  f011owt3: 

The correction t o  the pitching-mament  coefficient due to tunnel- 
induced  distortions of the wlng loading is 

mo jet-boundary  corrections were applied to the rolling-moment, 
' yawfng-moment, and lateral-force  coefficients. 

All corrections  were  added to the data. 
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tests are presented. in figurea 9 an8 10. Xgures ll and 12 show the 
results of air-stream eurveye in the region of the vertical tail. 

At the maximum lift coefficim% for the plain wing with 0.70 $ 
hading-edge flape, the break in the  pitching-moment curve (fig. 6( a) ) 
is oppoeite to that obtained in reference 1. The stall progression 
obtained with the 0.70 flehps (reference 1) would not greatly affect 
the  pitching moment unless sane external disturbace caused  the  root 
or t i p  stall to be more eevere Thia change in the pitching-moment 
characteristics may be caused either by some difference in teat set 
or by the degree of Blnoothness of the wing-flap juncture. The 0.55 YE 
flap t e s t a  do not exhibit this change in the gltchkg-mment chasacteristics. 

Lateral-Stability Parsmetera of Plain Wing 

Dihedral effect.- The effective-dihedral parmeter Cz of the plain 
'I' 

wing ilicreased with increasing  lift  coefficient (fig . 7( a) ) to a value 
of Cz = 0.00Ogg at a % of 0.35 and then decre-ed to zero at a 
CL of 0.60, beyond which it decreased to a m b i m m  value of -0.00210 at 
a of 0 .a. The decrease in Cz mag be aesociated with the ,earls 

f 
tip  stalling  (reference I) which, as indicated by s t a l l  studlea of a 
similar wing in the  Langley full-scale tunnel, start8 OIL the leadlng wing. 
N e a r  the maxim= lift  coefficient, a rapid increase in Cz occurred. 
These same stall studies showed that the trailing wing remained relatively 
stall free to a very high angle of attack and a similar tendency on t he  
wing of the present discuasicm would cause a rapia increase in C 
when the trailing wing fin- stalled . 

* 

* 
2* 

Directional stabilitr and lateral force.- The g l a h  wing h&d neutral 
directional stability  throughout  the l i f t  range except for lift coef- 
ficients above 0.73 where the positive values of C &owed the WFng t o  

be slightly unstable . The lateral-force parameter C y  of the plain 

wing increases  eli@tIy with l i f t  and hae a maximum vdue  of o .0018. 

* 
w 

Effect of U i r i g  Flaps on Lateral-Stability  qarameters 

Dihedral effect.- Figure 7(a) shows that wlth only the s p l i t  flaps 
deflected  the values of C remained fairly constant at a value of 
about 0.0020 in the range of moderate lifts %ut decreased in the high 

% 



llft  range. When t h e  leading-edge flaps  were used in conjunction with 
the split flaps, C increased  with l i f t  coefficient  to values 
of C2 of 0 .OOgg for the 0.70 $, leading-edge flaps. Thia variation 

in C with CL can be explained by the  tuft  studies  of  reference 1, 

which show  that the leading-edge flaps delayed the tip  stall to high 
angles of attack. 

z* * 
zS 

Directianal stability and l a te ra l  force.- For all flap  configurations 
the WFng was directionally stable throughout the lift range and C was 
approximately equal f o r  d l  flap configurations at  corresponding 11 2 t 
coefficients. A decrease in stability  occurred near the  maximum lift, 
however, particularly with the 0.70 leading-edge flaps,  although 

c 

positive values of did not occur at the higheet angle of attack 

tested. 

Effects of a Fuselage on Lateral-Stability Parameters 

Dihedral  effect.- The effect8 of a circulw fuselage on the variation 
of the effective-dihedra3 pebl9msker C with lift coefficient are shown 

in figure 8. In the flaps neutral  omdition, the high-wing  combination . ahowed  greater effective dihedral  than the w i n g  alone f o r  value8 of % 
below 0.35, but at valuee of % greater than 0.39, the values of C2 * 
for the  high-wing conibination were less positive than those f o r  the ving 
alone. The effective dihedral of the low-wlng urnbination  was nemtive 
at lift coefficients "below 0 -18 but had an almost canstant low positive 
value ~ the range of f r o m  0.18 to 0 -76 This Tarfation of Ct 

wlth % contrasts  with that of the high-wing cmbinatim and the d n g  
d o n e  which showed a rapid detcreasg in with increasing The 

effect8 of the fuselage were simflar to those obmrved for low-wing models 
of reference 4. 

when t h e  0.55 leadtng-edge f laps  and o .p 2 split flaps were 
2 

deflected,  the  high-wing combination had m r e  positive valuee of Cz 
f 

than the plain wing except for lift  coefficients above 1.1 . Bo data 
were  obtained for the high-wing combination wfth the 0.70 4 leading-edge 



flaps. The low-ning coniblnatian had lower effective  dihedral  throughout 
the l i f t  range than the plain wing for  both leading-edge flap spans 

. A reduction in Cz new and then a subsequent rapid * 
increase waa evident for a l l  combinations regardless of flap  deflection. 

Directional stability and lateral  force.- The wing-fuselage cambi- 
nations had values  of of about 0.001 mors  positive than the wing % .  
alone, f o r  all flap conditions. The lateral-farce  parameter C y  of 

the wing-fuse-  combinations is more positive than that for the 
alone. The low-wing combination had irregular variatims of ' I n  the * 
high lift range when t h e  leading-e8ge flaps were deflected. 

w 

Conpariaon with XACA 61Cl-U Wing 

D i h e d r a l  effect .- A camparisan  of the lateral-stabilttr deriuatlves 
of the wings with circular-arc  sections and W A  641-112 sections 
(reference 4) 18 given in figure 7(b).  At a Reynolds nmber of 5,300,000 
and with the flaps neutral, the NACA 641-112 wing had an almost linear 
increase in dihedral effect with increasing l i f t  coefficient up to 

The dihedral effect of the circular-arc a, however, reached o n l y  a . 
amall positive value at a % of 0.35 and then decreased rapidly. A t  

a Reynolds nm-r of 1,720,000, the variation of C t  with Cr, with 

flaps neutral f o r  the HACA 6 % - ~  wing m s  somewhat similar to that of 
the circuhr-arc wing. There was a negligible difference in the 
variation of Ct with for  the two win- at eReynolde number 
of 5,300,000 when the leading-edge flaps and split f laps were deflected. 

Directional  stability and lateral  force.- With flape deflected, the 
directianal stabilitg of the two wings was about equal at a Reynolds 
nwnber of 5,330,000. With flaps neutral, however, the VACA 64,-~2 wing 
was directionally stable whereas the circuhw-ezc wing had neutral 
directional stability.  At the  lower Reynolds n.Lrmber, howemer, the 
6bseries wing W ~ E  also neutrallg stable up to moderate lift coefficients. 
The circular-arc w i n g  had somewhat more poaitiva values of C, than 

the NACA 6\-112 wing. The destabilizing effect of t h e  fuselage WRS 

similar f o r  both wings. 

Le 

3r 

w 

* 
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Characteristics  in  Extended  Yaw. R a n g e  

Tests throw a yaw  range of -5O to 20' angle of yaw,  showed  that 
the  greatest  effect  due  to yaw occurred on the  yawing moment of the 
low-wing  combination (fig. 10) at an angle of attack of 17.b0. With the 
leading-edge  flaps and split  flaps  deflected, a change f r o m  a stable 
(negatfve) slope to an unstable  slope  occurred  at an*es of yaw of 5 O  

f o r  the 0.55 - flaps and = 8O fo r  0.70 $ flaps. The plain  wing 
(fig. 9 )  had a chanp in the variation of rolling moment  with angle of 
yaw  at a yaw €mgle of loo for a = 14.80. when the curve  changed f r o m  an 
unetable  (negative) slope t o  a positive slope 

b 
2 

Air-Flaw  Characteristics in the Region of a Vertical  Tail 

Figure 7 and reference 4 show that, in general, an ieolated 
sweptback wing is  directionally  stable below the stall. A comparison of 
figure 9 with  figure 10, however, shows that  the  directfond  instability 
of the  fuselage is great enough to make the  combination  unstable. A 
vertical  tail is therefore necessary for directional stability on a 
configuration of thts type.  Information  concerning  the  effectivenese  of 
a vertical  tail may be obtained fram the  sidewash  angles  and  dynamic- 
pressure  ratios.  The  dynamic-pressure  ratios  preaanted in figures 11 
and I 2  show values somewhat  greater than d t y  in the region above the 
uake 0 

Although  dynamic-preseure  ratios  greater than unity have been 
observed in the  field of flow behind  wing-fuselage  combinations,  the 
vsluee obtafned in t h i s  investigatfon appem somewhat greater  than would 
be expected . 

The sidewash angles and dynamic-pressure ratios a r e  related to 
vertical-tail  effectiveness  by the following expreaeion: 

Although an exact value of @jt ceslnot be h o w l  xithout actual 

vertfcal-tail  teats  because of  tail-f'uselage  interference,  the  preceding 
expression will give f a f r ly  accurate values if - dcL of the isolated 

tail is used. 
&z 

Under certain of the present t e s t  condftions,  the flow angularity 
was in excees of that f o r  which the rake had been cdibrated and am 
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eactrapblation was necessary. A straight-line extrapolation was wed 
and the ve3uea of the extrapolated aidewash anglee m e  thought t o  be 
accurate within *O .Soo The extrapolated values a,ret designated on 
figures ll and 12 by dot-dash curoee. These data have been correctea 
fo r  the a l i g h t  variatione which may have oocurred at  zero yaw. 

To facilitate the present  Biecusaian, the v d w s  of aidewash 
angles presented in figure8 11 sad 12 have -bean averaged esd the average 
values are given in table I. Theae eidsvash -08 have been corrected 
f o r  the sidewaah angles at  zero yaw. 

Effect of w 5 1 ~  vortex field.-  Figure E(a)  represents sidewaah angle8 
measured behind the wing alone Even at the low of attack ( 5  .go) 
the average sidewash at  l5O yaw ie as much 8s -1.3 . A t  the higher tingle- 
of attack and at a value of h of 0.7, the sidewash angles were -2' 
and -5O at $ =  loo and 1 5 O Y  respectively. AS there waa no -elage, 
but only the wing xith flaps, the flaw augul%rity appears t o  be cauaed 
by the  vortex field of the wing ae the wing was yawed; that ie, the 
vortices from the leading wing influenced the aide flow while those from 
the trailing wing were caxried dovnetream. A prevloue eibe-flow Inveatl- 
gation (reference 5 )  pointed  out that the vortices associated xith the 
span load distributian of the wing of conventional  sectlone and low sweep 
made a practically  negligible  oontribution to the sidewssh angle. However, 
the.gresent  investigation imlubeb t e s t s  of a wing of lower a s p e u t  ratio 

thus stronger and cloeer t o  the aurvey plane. 
. and of circular-am  sections at M@er lifts. The wing vortice8 -re 

At the  hi& angles of attack,  the lower survey po in t6  were found t o  ' 

be in the wake of t he  wing (fig. 12( a) ) lnaerrmch as st euddenly decreased. 

Effects of fuselage poe1tion.- The effect of wing-fuselage Interference 
ap the  side flow at 8 vertioal tail has been described in reference 3 and i a  
demonstrated by the air-stream sumeye of reference 5. In reference 5 ,  
Azaelage m a  cansidered t o  be a low-aspect-ratio aerodynamic eurface with 
vortices shea fran the uppgr anb lower surfaces men the  fuselage wag 
yawed. These vortices produce a negative eidewaah angle i n  the region of 
a vertical  t a i l  whetn the  fuselage is at poeitive yaw. With the wing in 
the low position, however, the  vortices ahed from the upper aurface of 
the fuselage were stronger in that the wing acted as an end plate, and they 
were thue  the principal  factor in causing an angularity €n the f l o w .  
Consequently, the effect  of hterPerence on the low-wing combination ie 
to cause a greater  negatlve aidewash than that due t o  the fuaelage alone, 
and t h i s  fact ie substantiated by the results of reference 5 . With the 
wing i n  the high  posltion the vortices from the upper surface are wakened; 
hence the aidemah i 8  less negative than for  the fueelage alone. 

9 

. The reeults of the present investigaticm seem t o  verify  the  preceding 
analysis Figures 12(a) and 12( b) show a close similarity of the sidewash 
angles for the wing a l m e  and for the high-wing combination. The inter- 
ference thus appeara to cancel the fuaelwe effect, and the sidewash 
behind the high-wing cambination 18 due -st entirely t o  the wing-vortex 
f i e l d  described in the preceding section. 
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On the other hand, 'the large negative eidewzuih ernglee of the low- 
wing combination ( fi ge. ll( b) and 12(c) ) indicate  that the combined 
effects of the melage vortioee and wing.fuselage interference are 
large. The greater negative  eidewaeh anglee behind the low-wing 
combination  would  increase vertical-tail effectivenees  but would cause 
vertical-tail stall at l m r  anglee of yaw. The average valuee 

Of sf ab obtained were frara -0.2 to -0.3 in the low-wing  configuration 
and From 0 to -0.1 in the high-wing combination. 

The -p~aee of negative  aidewash near the fuselage in the low-wing 
cc'. +Yguratib.. (fig. 12(c)) would Increase the effectiveness of a dorsal 
fin ,n this  configuration over that in the hfgh-wing canfiguration. 

Figure8 12( b) and Il(a)  indicate a sudden diminution in dynamic 
pressure at the high angles of attack In the high-wing configuration. 
'JFrom the gemtry of the &el attitude, the lower survey point8 &re 
men to be in the uetke of the wing, which ha8 stall& near the root as 
hae been previouely painted  out. In the low-wlng cdbination, however, 
(figs II(b) and 12( c) ) the survey points are most- above the wtng wake 
and, consequently, We Qnamic pressure remains nearer the free-stream 
value . 

Effect of f l a p  deflection.- The influexme of f l a p  deflection on the 
sidewaah angles be Been by referring to table I. A compesiean of 
average sidewash anglee at approximately equal angles of attack with 
flaps deflected and flaps neutral in either the high-wing or low-wing 
conf'iguration indiaates  that  flaps cawe a small decrement. Thie decreaee 
in sidemsh increase8 with angle of yaw and w i t h  angle of attack  to a 
maxim of I .5O at $' - 1 5 O  and a = 17 .horn The decrement  in  eidewash 
i e  probably caueed by changee in the span loading of the w b g  dde to 
flap deflection. 

The results of an investigstion  of the aemdynmnlc charmteristice 
in yaw of a 42O Bveptback wing of circular-arc sect lane  and of air-etresm + 
survey6 in the region of a  vertical  tail may be sumarized as follows: 

1. The dihedral effect of the plain wing wag maximum at a lift 
coefficient  of o .35 and was negative  for  lift  coeffioiente  above o .60. 

2. Deflection of the split flaps ceueed the  effective-dihedral 
parameter  to remain,fairly cmstant through the lift range at a value 
of about 0.002, but an almost line- increase with Increasing lfft 
occurred  when both the leading-edge flaps and split flaps were deflected. 



3 .  In general, the fueelage increased the dihedral when the wing 
was in the high position Wlth flaps deflected and decreased the effective 
dihedral  when the uing waa in the low po'ait ian.  Wlth the flaps neutral, 
however, this effect waa reveraed except In the low lift range. 

4. A rapid  increase in the dihedral effect occurred at maximum 
lift for all madel canfTguration8  except  for  the wingalone whgn the 
O.55-semispan  leading-edge flaps and split flaps were  deflected. 

5. With flaps  newtral  the wing alone had neutral directional 
stability up to 8 high lift  coefficient where it  became  unstable, but 
for all flap  configurations the wlng had increasing Birectional  stabflity 
with  increasing llft up to maxiram l i f t .  

6. The fuselage added u destabilizing incrment of about o .001 to 
the directional-atability parameter for all flap configuration8 and 
wing positions 

7. Compa3.ieon of  the  characteristics of the circular-arc wing 
with those of 8 Xing of NACA 641-112 aecticrna showed that the circular- 
arc wing had a rapid  decrease in effective dihedral with lift  coefficient 
above a lift coefficient of 0 -35; wfisreae for the ZBACA 6+112 wing, the 

effective dihedral increased continuously up to the  maximum lift With 
leading-edge flape, there was negligible difference in the variation of 
effective dihedral with lift cmfficient for the two wlnge. 

8 .   he results of the air-stream surveys showed that a vertical 
tail and dorsal fln would be more  effective cm a low-wing airplane of this 
type  than 011 a corresponding high-wing airplane. 

Langley-Memorial Aeronautical Laboratom 
National  Advisory  Committee  for  Aeronautics 

Langley Field, Va. 
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NACA RM No. L7I30 

F&re 2.- Plan view and details of 42" sw@&mk w i g  om' fusehge. Wng 
ureu =4728 s9 h ;  €= 35.31 in.; aspect rafa = 3.94. No dbedmi of twist. 
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. NACA RM No. L7I30 

(a) Model installation. 

19 

Figure 4.- The 42' sweptback wing of symmetrical circular-arc 
sections  mounted in the Langley  19-foot pressure tunnel. 
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(b) Details of leading-edge flap. 

Figure 4.- Continued. 
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NACA RM No. L7I30 

(c) Support-fairing details. 

Mgure 4. - Concluded. 
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(e) Locution of air - stream survey poinfs. 
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F&re 6.- Aervdytwmic c/tarmhrisfics of o 42' swpfback w i q  of cimhr-arc aiHoi1 
sections. Plah . wing ; splif flops deflecfed ; and 055i and 0.70# led'- edw flaps in 5 
conjumtbn with  splif flws deflecfed . 
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Fi&ure 11.- Variation of alderash angle and dynamlc-pmasure ratio w i t h  he ight  above fuselage 
centerl ine.   plapa  neutral .  R = 5,300,000; lb = €1.11. 
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